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ROBUSTNESS OF BUILDING DESIGN WITH RESPECT TO ENERGY RELATED 
OCCUPANT BEHAVIOUR 
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$%675$&7
2FFXSDQW EHKDYLRXU LV RIWHQ WKH ILUVW UHDVRQ IRU WKH
GLVFUHSDQF\ EHWZHHQ GHVLJQHG DQG UHDO WRWDO HQHUJ\
XVH LQ EXLOGLQJV $ SRVVLEOH VROXWLRQ WR EULGJH WKLV
JDSLVGHVLJQLQJEXLOGLQJVZKRVHSHUIRUPDQFHVVKRZ
OLWWOH YDULDWLRQV GHVSLWH RI DOWHUQDWLQJ RFFXSDQWV¶
EHKDYLRXU
7KH DLP RI WKLV ZRUN ZDV WR LQYHVWLJDWH KRZ
RFFXSDQWV¶EHKDYLRXUYDULHVDFFRUGLQJWRWKHEXLOGLQJ
HQYHORSH GHVLJQ GLIIHUHQW LQSXW YDOXHV KDYH EHHQ
FKRVHQ IRU WKUHH GHVLJQ IHDWXUHV ± WKHUPDO PDVV
WUDQVSDUHQF\ DQG VRODU VKDGLQJV ± LQ RUGHU WR
GLVFRYHUWKHPRVWUREXVWRQHV
7KH VWXG\ LV FDUULHG RXW WKURXJK VLPXODWLRQV RQ DQ
RIILFH EXLOGLQJ LQ  ZHDWKHU FOLPDWHV DQG
SUREDELOLVWLFPRGHOV IRUZLQGRZRSHQLQJDQGXVHRI
VKDGLQJ EDVHG RQ UHDO RFFXSDQWV¶ EHKDYLRXU KDYH
EHHQLPSOHPHQWHG
%\ WHVWLQJ WKH LQIOXHQFH RI EXLOGLQJ¶V GHVLJQ RQ
RFFXSDQWV¶ EHKDYLRXU WKH SUHVHQW FRQWULEXWLRQ
KLJKOLJKWV WKH LPSRUWDQFH RI WKH UREXVWQHVV¶
HYDOXDWLRQ RI D EXLOGLQJ GXULQJ WKH GHVLJQ SKDVH LQ
RUGHUWRREWDLQPRUHUHDOLVWLFHQHUJ\SUHGLFWLRQV
,1752'8&7,21
(QHUJ\FRQVXPSWLRQGDWDGHSHQGRQDFRPSOH[DUUD\
RI IDFWRUV RIWHQ FDXVLQJ D VLJQLILFDQW GLVFUHSDQF\
EHWZHHQWKHGHVLJQHGDQGWKHUHDOWRWDOHQHUJ\XVHLQ
EXLOGLQJV 7KHVH IDFWRUV OLVWHG LQ IUDPHZRUN RI WKH
,($(&%&6 $QQH[  SURMHFW DUH FOLPDWH
EXLOGLQJ HQYHORSH EXLOGLQJ HTXLSPHQW
EXLOGLQJ RSHUDWLRQ DQG PDLQWHQDQFH RFFXSDQW
EHKDYLRXUDQGLQGRRUHQYLURQPHQWFRQGLWLRQV
7KHUHDVRQIRUWKHZHOONQRZQGLVFUHSDQF\OLHVLQWKH
IDFW WKDW LQ WKH FXUUHQW SUDFWLFH WKH\ DUH QRW VWXGLHG
ZLWK WKH VDPH OHYHO RI LQYHVWLJDWLRQ :KLOH
GHVLJQHUV¶DSSURDFKLVIRFXVLQJRQWKHILUVWIDFWRUV
GHILQHG E\ 6FKZHLNHU HW DO  WKH EXLOGLQJ
³KDUGZDUH´ PDQ\ VWXGLHV SURYH WKDW WKH ODWWHU 
UHODWHGWRKXPDQEHKDYLRXUFDOOHGE\6FKZHLNHUWKH
³VRIWZDUH´ FDQ KDYH DQ LQIOXHQFH DV JUHDW DV RU
JUHDWHU6FKZHLNHUHWDO
6LQFHSUHGLFWLRQVRIEXLOGLQJHQHUJ\FRQVXPSWLRQDUH
GHYHORSHGXVLQJVLPXODWLRQVRIWZDUHGHILFLHQFLHV LQ
GHVFULELQJKXPDQUHODWHGIDFWRUVKDYHWREHLGHQWLILHG
LQWKHVHWRROV
+RZHYHU OLPLWDWLRQV RI VLPXODWLRQ WRROV LQ
XQGHUVWDQGLQJ XVHUV¶ EHKDYLRXU FDQ EH MXVWLILHG
ZKLOH PHWKRGV RI DQDO\VLV LQYHVWLJDWLQJ EXLOGLQJV¶
WKHUPDOSHUIRUPDQFHVDUHEDVHGRQGHWHUPLQLVWLFKHDW
WUDQVIHU DQG WKHUPRG\QDPLF HTXDWLRQV RFFXSDQWV¶
EHKDYLRXU LV WKH UHVXOW RI D FRQWLQXRXV FRPELQDWLRQ
RI VHYHUDO IDFWRUV FURVVLQJ GLIIHUHQW GLVFLSOLQHV DQG
WKHUHIRUHLVVWLOOREMHFWRILQYHVWLJDWLRQ
6HYHUDO ILHOG VXUYH\V FRQGXFWHG LQ D ZLGH UDQJH RI
HQYLURQPHQWV 1LFRO HW DO  0F&DUWQH\ DQG
1LFRO  SURYHG WKDW SHRSOH KDYH D QDWXUDO
WHQGHQF\ WR DGDSW WR FKDQJLQJ FRQGLWLRQV LQ WKHLU
HQYLURQPHQW 7KLV QDWXUDO WHQGHQF\ LV H[SUHVVHG LQ
WKHDGDSWLYHDSSURDFKWRWKHUPDOFRPIRUWGHYHORSHG
E\1LFRO DQG+XPSKUH\V  ZKRVH XQGHUO\LQJ
SULQFLSOH LV FRQFHSWXDOO\ FOHDU ³,I D FKDQJH RFFXUV
VXFKDV WRSURGXFHGLVFRPIRUWSHRSOHUHDFW LQZD\V
ZKLFKWHQGWRUHVWRUHWKHLUFRPIRUW´
7KHPDLQGLIILFXOW\ LQ WUDQVODWLQJ WKLVVWDWHPHQW LQWR
SUHGLFWLYHPRGHOVRIRFFXSDQWV¶EHKDYLRXUOLHVLQWKH
GHILQLWLRQ RI ³GLVFRPIRUW´ DFFRUGLQJ WR GLIIHUHQW
XVHUV0RUHRYHURFFXSDQWVKDYHPDQ\SRVVLELOLWLHVRI
LQWHUDFWLRQ QDPHG ³DFWLRQ VFHQDULRV´ )DEL HW DO
ZLWKWKHLQGRRUHQYLURQPHQWWKH\FDQRSHUDWH
GLUHFWO\DLPLQJDWFRQWUROOLQJWKHLQGRRUHQYLURQPHQW
L H XVLQJ WKHUPRVWDW RSHUDWLQJ RQ ZLQGRZV RU
VKDGLQJV WKH\ FDQ DIIHFW LW XQLQWHQWLRQDOO\ L H E\
DSSOLDQFHVDQGHTXLSPHQWXVDJHDQGILQDOO\WKH\FDQ
DGMXVW WKHPVHOYHV WR WKH H[LVWLQJ HQYLURQPHQWDO
FRQGLWLRQV
8QFHUWDLQWLHV DULVLQJ IURP GULYHUV DQG DFWLRQ
VFHQDULRV¶GHVFULSWLRQDUHWKHHYLGHQFHRIGLIILFXOWLHV
LQ PRGHOOLQJ RFFXSDQW EHKDYLRXU LQ VLPXODWLRQ
SURJUDPV
,Q RIILFH EXLOGLQJV D SRVVLEOH VROXWLRQ WR DYRLG
GLVFUHSDQFLHV EHWZHHQ SUHGLFWHG DQG UHDO HQHUJ\
FRQVXPSWLRQV GXH WR XVHUV¶ DFWLRQV FRXOG EH XVLQJ
WRWDOO\ DXWRPDWHG HQHUJ\ PDQDJHPHQW V\VWHPV
7KHVHPRGHUQ FRQWURO V\VWHPV RIIHU WKH SRWHQWLDO WR
LPSURYH LQGLYLGXDO FRPIRUW DQG UHGXFH HQHUJ\
FRQVXPSWLRQ DW WKH VDPH WLPH +RZHYHU IXOO\
DXWRPDWLFFRQWUROLVQRWWKHFRPSOHWHDQVZHUVWXGLHV
RIEXLOGLQJUHODWHGLOOKHDOWKIRULQVWDQFHWKH2IILFH
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(QYLURQPHQW 6XUYH\ ³2(6´  UHYHDO IHZHU
V\PSWRPV DQG JUHDWHU SURGXFWLYLW\ DV WKH SHUFHLYHG
OHYHORI LQGLYLGXDOFRQWURO LQFUHDVHV7KHUHIRUH LQD
VHFWRUZKHUHSHUVRQQHOFRVWVGRPLQDWHDOORWKHUFRVWV
UHODWHG WR EXLOGLQJ RSHUDWLRQ E\ WZR RUGHUV RI
PDJQLWXGH DSSURSULDWH ZRUNSODFH FRQGLWLRQV DUH RI
WKH XWPRVW LPSRUWDQFH IRU WKH HFRQRPLF VXFFHVV RI
FRPSDQLHV
:DJQHU HW DO  ZLWK WKHLU ILHOG VWXGLHV RQ
WKHUPDO FRPIRUW LQ*HUPDQRIILFH EXLOGLQJV SURYHG
WKDW LQ VXPPHU RFFXSDQWV DSSUHFLDWH QDWXUDOO\
YHQWLODWHG DQG SDVVLYHO\ FRROHG EXLOGLQJV ZLWK
SRVLWLYHSHUFHSWLRQVRIWKHUPDOFRPIRUWHYHQRXWVLGH
WKH WHPSHUDWXUH OLPLWV VHW LQ VWDQGDUGV 0RUHRYHU
ERWKLQVXPPHUDQGLQZLQWHUWKHSHUFHLYHGHIIHFWRI
SRVVLEOH LQWHUYHQWLRQV RQ LQGRRU FOLPDWH VWURQJO\
LQIOXHQFHV WKH WKHUPDO VDWLVIDFWLRQ ,W PD\ EH
FRQFOXGHG WKDW XVHU¶V LQIOXHQFH RQ LQGRRU
HQYLURQPHQW LV D SUHUHTXLVLWH IRU D FRUUHFW
IXQFWLRQLQJRIWKHKXPDQERG\
7KH JURZLQJ H[WHQW RI XVHUV¶ DFWLRQV LQ LQIOXHQFLQJ
HQHUJ\FRQVXPSWLRQFRPHVRXWFOHDUO\ VWUHVVLQJ WKH
LPSRUWDQFH RI UHOLDEOH RFFXSDQW EHKDYLRXU PRGHOV
GHVSLWHWKHSUHGLFWLYHXQFHUWDLQWLHVILUVWOLVWHG
+DQGOLQJ RFFXSDQWV¶ EHKDYLRXU¶V XQFHUWDLQWLHV DQG
SURYLGLQJ D VDWLVIDFWRU\ LQGRRU FOLPDWH ZKLOH
PDLQWDLQLQJ WKH KLJKHVW GHJUHH RI XVHU¶V IUHHGRP
VKRXOG EH RQH RI WKH PDLQ SXUSRVHV LQ HQHUJ\
HIILFLHQWEXLOGLQJGHVLJQ7KHUHIRUHD IXUWKHUVWHSRI
DSSOLFDWLRQ RI RFFXSDQW¶V EHKDYLRXU PRGHOV LV
YHULI\LQJ WKH ³UREXVWQHVV´ RI WKH EXLOGLQJ WKHUPDO
EHKDYLRXUZLWK UHVSHFW WR WKHXVHUV2QFH WKHXVHU¶V
EHKDYLRXUKDVEHHQFKDUDFWHUL]HGE\DPRGHODQGLWLV
YHULILHG LWV LPSDFW RQ HQHUJ\ SHUIRUPDQFH ZLWK D
QXPEHURIVLPXODWLRQVLWLVLQWHUHVWLQJWRFKHFNZKDW
KDSSHQV FKDQJLQJ WKH EXLOGLQJ SURSHUWLHV DQG
HTXLSPHQWZLWKWKHVDPHXVHUEHKDYLRXUDOSDWWHUQ
+RHV HW DO  GHILQH ³UREXVWQHVV´ DV ³WKH
VHQVLWLYLW\ RI LGHQWLILHG SHUIRUPDQFH LQGLFDWRUV RI D
EXLOGLQJGHVLJQIRUHUURUVLQWKHGHVLJQDVVXPSWLRQV´
6LQFHDPRQJWKHPRVWHUURQHRXVGHVLJQDVVXPSWLRQV
RFFXSDQWV¶ EHKDYLRXU KDV D PDMRU UROH WKH PDLQ
TXHVWLRQ DULVLQJ ZKHQ GHDOLQJ ZLWK WKH EXLOGLQJ¶V
UREXVWQHVVLV
+RZ GLIIHUHQW EXLOGLQJV UHVSRQG WR GLIIHUHQFHV LQ
XVHU¶VEHKDYLRXU"
7KHDLPRIWKLVSDSHUZDVWRDQDO\VHWKHUHODWLRQVKLS
RI WZR DFWLRQV UHODWHG WR XVHUV¶ EHKDYLRXU LQ RIILFH
EXLOGLQJV LQWHUDFWLRQ ZLWK ZLQGRZV DQG ZLWK VRODU
VKDGLQJVZLWKEXLOGLQJHQYHORSHFKDUDFWHULVWLFVDQG
EXLOGLQJ SHUIRUPDQFH DQG WR HYDOXDWH KRZ YDULRXV
XVHUV¶EHKDYLRXULPSDFWGLIIHUHQWHQYHORSHGHVLJQV
&$6(678'<
7KHFDVHVWXGLHVZHUHSHUIRUPHGXVLQJWKH5HIHUHQFH
2IILFH%XLOGLQJDVWKHFDVHVWXG\IRUWKLVUHVHDUFK
7KH VHOHFWHG5HIHUHQFH2IILFH%XLOGLQJ LV WKH UHVXOW
RI D VXUYH\ FDUULHG RQ E\ WKH ,WDOLDQ LQVWLWXWLRQV
&5(60( &HQWUR 5LFHUFKH (FRQRPLFKH
6RFLRORJLFKH H GL0HUFDWR DQG (1($ (QWH SHU OH
1XRYH 7HFQRORJLH (QHUJLD H $PELHQWH ZLWK WKH
DLP RI GHILQLQJ RIILFH W\SRORJLHV XVHIXO IRU HQHUJ\
DQDO\VLV RI WKH ZKROH ,WDOLDQ RIILFH EXLOGLQJ VWRFN
5HSRUW 56( VKRZV WKH UHIHUHQFH PRGHOV
FRPLQJ RXW IURP WKH UHVHDUFK FKDUDFWHUL]HG E\
GLIIHUHQW GHVLJQ IHDWXUHV DFFRUGLQJ WR SHULRG RI
FRQVWUXFWLRQDQGORFDWLRQ$VEXLOGLQJIHDWXUHVUHVXOW
IURPDVXUYH\RI,WDOLDQRIILFHEXLOGLQJVFRQFOXVLRQV
GHULYLQJIURPWKLVZRUNFDQEHUHDVRQDEO\DSSOLHGWR
D ZLGH UDQJH RI EXLOGLQJV 7KH PRVW UHFHQW PRGHO
ORFDWHGLQWKHQRUWKRI,WDO\ZDVFKRVHQ

)LJXUH&RQVLGHUHGWKHUPDO]RQHVRIWKH5HIHUHQFH
2IILFH%XLOGLQJ

7KHVSHFLILFVXEMHFWRIWKHVWXG\LVWKHVWDQGDUGIORRU
FKDUDFWHUL]HG E\ WKH W\SLFDO FHOOXODU RIILFH
GLVWULEXWLRQ ,W LV GLYLGHG LQ ILYH WKHUPDO ]RQHV
DPRQJ ZKRP RQO\ ]RQHV ZKHUH RULHQWDWLRQ KDV D
PRUH VLJQLILFDQW LQIOXHQFH RQ HQHUJ\ FRQVXPSWLRQ
DUH WDNHQ LQWR DFFRXQW DV VKRZQ LQ )LJXUH ]RQHV
IDFLQJZHVW]RQHVRXWK]RQHDQGHDVW]RQH
DUH FRQVLGHUHG0RUHRYHU WKH ]RQH IDFLQJ VRXWK KDV
EHHQ GLYLGHG LQ  VXE]RQHV FRUUHVSRQGLQJ WR WKH
FHOOXODURIILFHVORFDWHGDWWKHEXLOGLQJFRUQHUV]RQHV
EDQGFDQGDQRIILFH IDFLQJVRXWKD(DFKRI
WKHP KDV EHHQ PRGHOOHG DV D QDWXUDOO\ YHQWLODWHG
RIILFH ZLWK D ZDWHU UDGLDWRU DQG D FRROLQJ GHYLFH
=RQHV¶FKDUDFWHULVWLFVDUHVXPPDUL]HGLQ7DEOH

7DEOH
=RQHV¶FKDUDFWHULVWLFV

Zone 2 3a 3b 3c 5 
$UHD>P@     
/HQJWK>P@     
'HSWK>P@     
+HLJKW>P@     
2ULHQWDWLRQ :HVW 6RXWK 6RXWK
:HVW
6RXWK
(DVW
(DVW
:LQGRZVDUHD
>P@
    
:LQGRZ)ORRU
UDWLR
    
+HDWLQJ0$;
SRZHU>N:@
    
&RROLQJ0$;
SRZHU>N:@
    
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Simulation approach 
7R FRQVLGHU WKH DFWXDO LQIOXHQFH RI RFFXSDQW
EHKDYLRXU GXULQJ WKH GHVLJQ SKDVH UHDOLVWLF
PDWKHPDWLFDO PRGHOV GHVFULELQJ XVHUV¶ LQWHUDFWLRQ
ZLWK WKH EXLOGLQJ¶V FRQWUROVZHUH VHOHFWHG IRU EHLQJ
LPSOHPHQWHG LQ WKH VLPXODWLRQ WRRO 8VLQJ WKHVH
PRGHOVHQWDLOVERWKLQSXWDQGRXWSXWWREHFRQVLGHUHG
DSUREDELOLVWLFGLVWULEXWLRQRIYDOXHVLQFRQWUDVWZLWK
WKH H[DFW DQG VLQJOH YDOXHV SURYLGHG E\ D VWDWLF
GHILQLWLRQRIXVHUV¶SDWWHUQV
7KH VRIWZDUH ,'$ ,&( KDV EHHQ XVHG LQ WKH VWXG\
ZLWK WKLV JRDO LQ WKLV G\QDPLF VLPXODWLRQ VRIWZDUH
PDWKHPDWLFDO PRGHOV DUH GHVFULEHG LQ WHUPV RI
HTXDWLRQV LQD IRUPDO ODQJXDJH10) VR WKDWDW WKH
DGYDQFHG OHYHO SUREDELOLVWLF HTXDWLRQV GHVFULELQJ
XVHUV¶ LQWHUIHUHQFHZLWK DQ\ W\SH RI FRQWUROV FDQ EH
LPSOHPHQWHG
)ROORZLQJ ILQGLQJV RI 5DMD HW DO  LQ WKLV
UHVHDUFK WKH IRFXV LV RQ WKH RFFXSDQWV¶ LQWHUDFWLRQV
ZLWK ZLQGRZV DQG PRELOH VKDGLQJV ZKLOH
RFFXSDQF\OLJKWLQJHTXLSPHQWDQGSODQWV¶RSHUDWLRQ
WLPH DQG WHPSHUDWXUHV DUH GHILQHG E\ GHWHUPLQLVWLF
VFKHGXOHV ,Q IDFW 5DMD HW DO  SHUIRUPLQJ D
ILHOG VWXG\ LQ ILIWHHQ QDWXUDOO\ YHQWLODWHG RIILFHV
DFURVV 8. IRXQG RXW WKDW RSHQLQJ ZLQGRZV DQG
GUDZLQJ EOLQGV DUH WKH PRVW H[WHQVLYHO\ XVHG
EXLOGLQJ FRQWUROV WR PRGLI\ LQGRRU WKHUPDO
FRQGLWLRQV
7KHUHIRUHWZRGLIIHUHQWVWDWLVWLFPRGHOVRQHUHIHUUHG
WRWKHXVHRIZLQGRZVDQGRQHUHIHUUHGWRDFWLRQVRQ
EOLQGVZHUHLPSOHPHQWHGLQ,'$,&(
7KH VHOHFWHG EHKDYLRXUDO PRGHO IRU DFWLRQV RQ
ZLQGRZV ZDV SXEOLVKHG E\ +DOGL DQG 5RELQVRQ LQ
DQG LWKDVEHHQGHYHORSHGDIWHUVHYHQ\HDUVRI
FRQWLQXRXV PHDVXUHPHQWV LQ WKH 6RODU (QHUJ\ DQG
%XLOGLQJ 3K\VLFV /DERUDWRU\ /(623% LQ
/DXVDQQH6ZLW]HUODQG
)RXUWHHQ VRXWKIDFLQJ FHOOXODU RIILFHV RI WKH /(62
EXLOGLQJ ZHUH PRQLWRUHG IURP 'HFHPEHU  WR
1RYHPEHU  DQG WKH IROORZLQJ YDULDEOHV ZHUH
PHDVXUHG LQGRRU WHPSHUDWXUH RFFXSDQF\ ZLQGRZ
RSHQLQJV DQG FORVLQJV RXWGRRU WHPSHUDWXUH PHDQ
ZLQG VSHHG DQG GLUHFWLRQ UHODWLYH KXPLGLW\ DQG
UDLQIDOO
7KH DXWKRUV GHPRQVWUDWHG WKH KLJKHU SUHGLFWLYH
SRZHURIWKHGLVFUHWHWLPH0DUNRYSURFHVVDSSURDFK
ZLWK VXEPRGHOV IRU GLIIHUHQW RFFXSDQF\ VWDWXVHV
7KHUHIRUH WKH SURSRVHG PRGHO EDVHG RQ 0DUNRY
SURFHVVZDVFKRVHQ WREH LPSOHPHQWHG LQ WKH LQ WKH
5HIHUHQFH2IILFH%XLOGLQJPRGHOEXLOWLQ,'$,&(
*XLGHG E\ WKH SUHOLPLQDU\ REVHUYDWLRQ WKDW DFWLRQV
RQZLQGRZVPRVWO\ RFFXUZKHQ RFFXSDQWV DUULYH RU
OHDYH WKHLU RIILFH GLIIHUHQW WUDQVLWLRQ SUREDELOLWLHV
EHWZHHQ WKH VWDWHV RI D ZLQGRZ KDYH EHHQ LQIHUUHG
IRU DFWLRQV RQ DUULYDO DW GHSDUWXUH DQG GXULQJ
RFFXSDQF\DVSURSRVHGE\+HUNHOHWDO )RU
HDFK VXEPRGHO WKH ORJLVWLF UHJUHVVLRQ LV SHUIRUPHG
RQWKHPRVWUHOHYDQWHQYLURQPHQWDOSDUDPHWHUV
,Q RUGHU WR FRQYHUW WKH FDOFXODWHG SUREDELOLWLHV LQWR
GHWHUPLQLVWLFVLJQDOVZKLFKFRXOGEHLPSOHPHQWHGLQ
WKHVLPXODWLRQSURJUDPHDFKRIWKHPZDVFRPSDUHG
WR D UDQGRP QXPEHU EHWZHHQ  DQG  6LQFH WKH
FDOFXODWHG SUREDELOLW\ ZDV WKH SUREDELOLW\ RI D
ZLQGRZ RSHQLQJ RU FORVLQJ ZLWKLQ WKH QH[W ILYH
PLQXWHV WKH FRPSDULVRQ ZDV PDGH ZLWK D UDQGRP
QXPEHUWKDWFKDQJHGHYHU\ILYHPLQXWHV7KHVHWVRI
XQLIRUPO\ GLVWULEXWHG UDQGRP QXPEHUV ZHUH
JHQHUDWHG E\ ([FHO DQG ORDGHG LQWR ,'$ ,&( DV DQ
H[WHUQDOVRXUFHILOH,IWKHSUREDELOLW\ZDVKLJKHUWKDQ
WKH UDQGRP QXPEHU WKH ZLQGRZ ZRXOG RSHQ 7KH
ZLQGRZZRXOGWKHQVWD\RSHQXQWLOWKHSUREDELOLW\RI
FORVLQJ WKH ZLQGRZ ZDV KLJKHU WKDQ WKH PDWFKLQJ
UDQGRPQXPEHU
$ SUREDELOLVWLF GLVWULEXWLRQ RI HQHUJ\ FRQVXPSWLRQ
GHSHQGLQJRQXVHUW\SHZDVREWDLQHGE\UXQQLQJWHQ
VLPXODWLRQVVZLWFKLQJ WHQ WLPHV WKHUDQGRPQXPEHU
OLVWLQWKHVLPXODWLRQSURJUDP
6LQFHWKHGHJUHHRIRSHQLQJZDVQRWDPHDVXUHGGDWD
GXULQJ WKH PRQLWRULQJ FDPSDLJQ D IL[HG GHJUHH RI
RSHQLQJZDVDVVXPHGLQWKHPRGHOFRUUHVSRQGLQJWR
D WLOWLQJ DQJOH RI  RI WKH WRWDO ZLQGRZ RSHQLQJ
DUHD
'HDOLQJ ZLWK WKH XVHUV¶ LQWHUDFWLRQ ZLWK PRELOH
VKDGLQJV WKH EHKDYLRXUDO PRGHO IRU WKH EOLQGV¶ XVH
GHYHORSHG E\+DOGL DQG 5RELQVRQ  KDV EHHQ
FKRVHQIRUEHLQJLPSOHPHQWHGLQ,'$,&(
7KH ORJLVWLFPRGHO FRQVLGHULQJ RXWGRRU WHPSHUDWXUH
ZDV VHOHFWHG 7KLV FKRLFH ZDV GULYHQ E\ WKH
FRQVLGHUDWLRQ WKDW ORZHULQJ EOLQGV FRXOG LQIOXHQFH
LQGRRU WHPSHUDWXUH ZLWK WKH SRVVLELOLW\ WKDW WKH
YDULDEOHDQG WKHH[SHFWHGSUREDELOLW\ LQIOXHQFHHDFK
RWKHU
7KH VDPH LPSOHPHQWDWLRQ PHWKRG XVHG IRU WKH
ZLQGRZRSHQLQJEHKDYLRXUDOPRGHOLVIROORZHG
Simulation strategy 
6LQFH UREXVWQHVV LV ³WKH VHQVLWLYLW\ RI LGHQWLILHG
SHUIRUPDQFHLQGLFDWRUVRIDEXLOGLQJGHVLJQIRUHUURUV
LQ WKH GHVLJQ DVVXPSWLRQV´ +RHV HW DO  D
UREXVW EXLOGLQJ LV D EXLOGLQJ WKDW VKRZV OLWWOH
YDULDWLRQ LQ SHUIRUPDQFH GHVSLWH RI YDULDEOH
RFFXSDQW¶V EHKDYLRXU 7KHUHIRUH WKH EHKDYLRXUDO
PRGHOV LPSOHPHQWHG RQ ,'$ ,&( IRU WKH 2IILFH
5HIHUHQFH %XLOGLQJ DUH XVHG IRU FKHFNLQJ ZKDW
KDSSHQV LI FKDQJLQJ WKH EXLOGLQJ¶V SURSHUWLHV ZLWK
WKHVDPHXVHUEHKDYLRXUDOSDWWHUQ$YDULDWLRQLQWKH
SUREDELOLW\ GLVWULEXWLRQ RI HQHUJ\ SHUIRUPDQFH¶V
UHVXOWV DPRQJ PRGHOV ZLWK GLIIHUHQW HQYHORSH
GHVLJQV LV WKH H[SHFWHG RXWFRPH YDU\LQJ VHYHUDO
WLPHVWKHRFFXSDQWV¶SURILOHIRUHDFKPRGHOYDULDWLRQ
QRW UREXVW PRGHOV ZLOO VKRZ D ZLGH GLIIHUHQFH LQ
HQHUJ\ FRQVXPSWLRQZKLOH UREXVW EXLOGLQJV¶ HQHUJ\
SHUIRUPDQFHVZLOOEHVLPLODUWRHDFKRWKHU
,Q RUGHU WR LOOXVWUDWH WKH LPSDFW RI RIILFH GHVLJQ RQ
RFFXSDQW EHKDYLRXU DQG RQ HQHUJ\ XVH LQ WKH
EXLOGLQJ VHYHUDO YHUVLRQ RI WKH EDVLF 5HIHUHQFH
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2IILFH %XLOGLQJ DUH FUHDWHG ZLWK DOWHUQDWLYH GHVLJQ
IHDWXUHV
7KH LQYHVWLJDWHG GHVLJQ IHDWXUHV DUH WKHUPDO PDVV
WUDQVSDUHQF\ DQG VKDGLQJ 7KHVH SDVVLYH GHVLJQ
VROXWLRQVFDQSOD\DQLPSRUWDQWUROHLQUHGXFWLRQVRI
HQHUJ\ XVH IRU KHDWLQJ DQG FRROLQJ DV ZHOO DV RI
HQHUJ\ FRQVXPSWLRQ¶V YDULDWLRQV GXH WR FKDQJHV LQ
RFFXSDQW EHKDYLRXU )RU HDFK GHVLJQ IHDWXUH
GLIIHUHQW LQSXW YDOXHV ZHUH FKRVHQ KLJK DQG ORZ
WKHUPDO PDVV KLJKHU DQG ORZHU WUDQVSDUHQF\ UDWLR
UHVSHFW WR WKH EDVLF PRGHO VKDGLQJV¶ DEVHQFH RU
SUHVHQFH ZLWK GLIIHUHQW VKDGLQJ VWUDWHJLHV 7KHVH
FKDUDFWHULVWLFVZHUHFRPELQHGDVVKRZQLQ)LJXUH
WR FUHDWH  VFHQDULRV 7R ZLGHQ WKH UHVHDUFK WKH
FRQVLGHUHG ILYH WKHUPDO ]RQHV RI WKH DQDO\VHG IORRU
RI WKH 5HIHUHQFH 2IILFH %XLOGLQJ DUH VLPXODWHG LQ
WKUHH ZHDWKHU FOLPDWHV ± 6WRFNKROP )UDQNIXUW DQG
$WKHQV ± ZLWK WKH DLP WR LQYHVWLJDWH KRZ WKH
GLIIHUHQW EXLOGLQJ GHVLJQ¶V RSWLRQV DIIHFW WKH
EXLOGLQJ¶V SHUIRUPDQFHV DQG UREXVWQHVV ZKHQ
ORFDWLRQDQGRULHQWDWLRQDUHYDULHG
Data analyses 
5HVXOWV RI WKH DQDO\VLV RI HDFK VFHQDULR GHDOW ZLWK
WKUHH SHUIRUPDQFH LQGLFDWRUV YHQWLODWLRQ UDWHV
HQHUJ\XVH IRUFRROLQJDQG IRUKHDWLQJ+HDWLQJDQG
FRROLQJ HQHUJ\ FRQVXPSWLRQ DUH WKH SRLQWHU RI WKH
EXLOGLQJ HQHUJ\ SHUIRUPDQFHV ZKLOH LQ D QDWXUDOO\
YHQWLODWHG EXLOGLQJ WKH HIIHFW RI EXLOGLQJ GHVLJQ RQ
XVHU¶V EHKDYLRXU LV UHYHDOHG E\ YDULDWLRQV LQ WKH DLU
FKDQJHUDWH,QIDFWYDULDWLRQVLQDLUFKDQJHUDWHZHUH
WKH HYLGHQFH RI D VKLIW LQ WKH ZLQGRZ RSHQLQJ
EHKDYLRXU JRYHUQHG E\ D FKDQJH LQ WKH LQGRRU
FOLPDWH ODUJH HQRXJK WR LQIOXHQFH WKH SUREDELOLW\ RI
WKHZLQGRZWREHRSHQHG
5HVXOWVZHUHH[SUHVVHGE\WKHDYHUDJHYDOXHVIRUWKH
SHUIRUPDQFH LQGLFDWRUV DQG WKH UHVXOWV¶ YDULDWLRQ IRU
HDFK VFHQDULR GXH WR GLIIHUHQW XVHUV¶ W\SHV 7KLV
YDULDWLRQZKLFK LV WKHPHDVXUH RI WKH VHQVLWLYLW\ RI
SHUIRUPDQFH LQGLFDWRUV HQHUJ\ FRQVXPSWLRQ DLU
FKDQJH UDWH ZLWK UHVSHFW WR FKDQJHV LQ RFFXSDQW¶V
EHKDYLRXU ZDV H[SUHVVHG WKURXJK WKH UHODWLYH
VWDQGDUG GHYLDWLRQ UHVSHFW WR WKH EDVLFPRGHO 56'
UHI 56' UHI KDV EHHQ FDOFXODWHG E\ UHODWLQJ WKH
VWDQGDUG GHYLDWLRQ W\SLFDO RI HDFK PRGHO ZLWK WKH
UHIHUHQFHDYHUDJHYDOXHVGHILQHG LQ WKLV UHVHDUFKDV
WKH UHVXOWV REWDLQHG IURP WKH 5HIHUHQFH 2IILFH
%XLOGLQJ VLPXODWLRQV ZLWK LWV RULJLQDO GHVLJQ
FRQVLVWLQJ RI OLJKW HQYHORSH PHGLXP GLPHQVLRQV
JOD]HG VXUIDFHV DQG QR VKDGLQJV 7KH VPDOOHU WKH
56'UHIWKHPRUHUREXVWWKHEXLOGLQJ¶VGHVLJQ
7KH DYHUDJH YDOXH ZDV XVHIXO WR DQDO\VH WKH
FRQWULEXWLRQRIWKHEXLOGLQJIHDWXUHVLQPRGLI\LQJWKH
HQHUJ\ SHUIRUPDQFH ZKLOH WKH 56' UHI DOORZV
XQGHUVWDQGLQJ WKH EXLOGLQJ IHDWXUHV¶ FRQWULEXWLRQ LQ
PRGLI\LQJWKHRFFXSDQWV¶LQIOXHQFH
7UHQGV FRPLQJ RXW IURP WKH LQYHVWLJDWLRQ RI WKH
LQIOXHQFH RI EXLOGLQJ GHVLJQ RQ FRROLQJ DQG KHDWLQJ
HQHUJ\ FRQVXPSWLRQ DQG DLU FKDQJH UDWH¶V DYHUDJH
YDOXHV FRQILUPHG WKH JHQHUDO FRQFHSW RI EXLOGLQJ
GHVLJQWKHUHIRUHWKH\DUHQRWREMHFWRIWKLVDQDO\VLV
7KH IRFXV RI WKH UHVHDUFK LQVWHDG ZDV RQ KRZ WKH
EXLOGLQJHQYHORSHGHVLJQ WKH]RQH¶VRULHQWDWLRQDQG
WKHZHDWKHUFOLPDWHPRGLI\WKHUREXVWQHVV¶GHJUHHRI
WKHEXLOGLQJ
$QDO\VLV ZDV FDUULHG RQ JUDGXDOO\ )LUVW WR FOHDUO\
DVVHV WKH LQIOXHQFH RI WKH YDULHG EXLOGLQJ GHVLJQV
HYHU\ VFHQDULR ZDV WHVWHG LQ WKH WKHUPDO ]RQH ZLWK
RQHH[WHUQDOZDOOIDFLQJVRXWKLQ)UDQNIXUW
7KHQ DOO WKH WKHUPDO ]RQHV RI WKH RIILFH ORFDWHG LQ
)UDQNIXUW ZHUH DQDO\VHG ZLWK WKH ILIWHHQ GLIIHUHQW
VFHQDULRV LQ RUGHU WR LQYHVWLJDWH KRZ WKH EXLOGLQJ
HQYHORSH GHVLJQ PRGLILHG HQHUJ\ FRQVXPSWLRQ DQG
RFFXSDQWV¶ LQWHUDFWLRQ ZLWK ZLQGRZV LQ GLIIHUHQW
ZD\VLQGLIIHUHQW]RQHV
)LQDOO\ WKH FRPELQHG HIIHFW RI YDU\LQJ WKH GHVLJQ
IHDWXUHV DQG WKH WKHUPDO ]RQH LQ HYHU\ ZHDWKHU
FOLPDWH ZDV FRQVLGHUHG WR H[SORUH LQ GHWDLO LI
EXLOGLQJIHDWXUHVKDYHWKHVDPHUREXVWQHVV¶GHJUHHLQ
HYHU\FOLPDWH


)LJXUH6FHQDULRVFUHDWHGIURPWKHEXLOGLQJHQYHORSHIHDWXUHV¶FRPELQDWLRQ

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5(68/76
7R XQGHUVWDQG WKH UREXVWQHVV RI HDFK VFHQDULR ZLWK
UHVSHFW WR DOO WKH SHUIRUPDQFH LQGLFDWRUV LQ WKH
GLIIHUHQW FOLPDWHV DQG WKHUPDO ]RQHV WZR VHULHV RI
JUDSK DUH VKRZQ $V D VDPSOH IRU WKH LQIOXHQFH RI
ZHDWKHUFOLPDWH)LJXUHDQGVKRZV WKH56'UHI
LQ]RQHDIDFLQJVRXWKLQ6WRFNKROP)UDQNIXUWDQG
$WKHQV IRU DLU FKDQJH UDWH DQG DYHUDJH YDOXHV
GHULYHG IURP WKH 56' UHI YDOXHV IRU KHDWLQJ DQG
FRROLQJHQHUJ\FRQVXPSWLRQ)LJXUHDQGDQG
DQG LQVWHDG WDNH LQWRDFFRXQW WKH LQIOXHQFHRI
WKH ]RQHV¶ GHVLJQ DQG RULHQWDWLRQ RQ WKH UREXVWQHVV
GHJUHH UHVSHFWLYHO\ LQ 6WRFNKROP )UDQNIXUW DQG
$WKHQV

)LJXUH56'UHIIRUDLUFKDQJHUDWHLQ]RQHDLQ
6WRFNKROP)UDQNIXUWDQG$WKHQV
)LJXUH 56'UHIIRUHQHUJ\SHUIRUPDQFHVLQ]RQH
DLQ6WRFNKROP)UDQNIXUWDQG$WKHQV  
)LJXUH 56'UHIIRUDLUFKDQJHUDWHLQDOOWKH
DQDO\VHGWKHUPDO]RQHVLQ6WRFNKROP

)LJXUH 56'UHIIRUHQHUJ\SHUIRUPDQFHVLQDOOWKH
DQDO\VHGWKHUPDO]RQHVLQ6WRFNKROP

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)LJXUH56'UHIIRUDLUFKDQJHUDWHLQDOOWKH
DQDO\VHGWKHUPDO]RQHVLQ)UDQNIXUW

)LJXUH 56'UHIIRUHQHUJ\SHUIRUPDQFHVLQDOOWKH
DQDO\VHGWKHUPDO]RQHVLQ)UDQNIXUW
)LJXUH56'UHIIRUDLUFKDQJHUDWHLQDOOWKH
DQDO\VHGWKHUPDO]RQHVLQ$WKHQV
)LJXUH 56'UHIIRUHQHUJ\SHUIRUPDQFHVLQDOO
WKHDQDO\VHGWKHUPDO]RQHVLQ$WKHQV
',6&866,21
&RQFOXVLRQV GUDZQ IURP WKH DQDO\VLV RI ERWK WKH
UHODWLYHVWDQGDUGGHYLDWLRQIRUDLUFKDQJHUDWHDQGWKH
DYHUDJH UHODWLYH VWDQGDUG GHYLDWLRQ DUH VXPPDUL]HG
WR REWDLQ VRPH JHQHUDO UHPDUNV DERXW KRZEXLOGLQJ
IHDWXUHV WKHUPDO ]RQHV¶ RULHQWDWLRQ DQG
FKDUDFWHULVWLFV DQG FOLPDWH LQIOXHQFH RFFXSDQWV¶
EHKDYLRXUDQGWKHEXLOGLQJ¶VUREXVWQHVV(YHQLIZLWK
GLIIHUHQW LPSDFWV GXH WR WKH FOLPDWH DQG WKHUPDO
]RQHV¶ FKDUDFWHULVWLFV PDVVLYH HQYHORSH FORVHG
IDoDGH DQG IL[HG VKDGLQJV ZHUH WKH PRVW UREXVW
EXLOGLQJ IHDWXUHV 7KDQNV WR WKHLU DELOLW\ WR VORZ
GRZQ WKH UHVSRQVH RI WKH EXLOGLQJ WR FKDQJHV LQ
RXWGRRU FRQGLWLRQV WKHVH FKDUDFWHULVWLFV DOORZ WR
VWDELOL]H WKH LQGRRU WHPSHUDWXUH VR WKDW RFFXSDQWV
H[SRVHG WRVLPLODUFRQGLWLRQIRUD ORQJHUSHULRGDUH
OHG WR LQWHUDFW ZLWK ZLQGRZV DFFRUGLQJ WR VLPLODU
SDWWHUQV PRUH RIWHQ 'HDOLQJ ZLWK WKH LPSDFW RI
FOLPDWHLWFDQEHVWDWHGWKDWLQ$WKHQVERWKWKH56'
UHIIRUDLUFKDQJHUDWHDQGWKHDYHUDJH56'UHIZHUH
WKHORZHVWDQGWKDWWKHEXLOGLQJHQYHORSHGHVLJQKDG
WKH ORZHVW LQIOXHQFH RQ WKH RFFXSDQWV¶ EHKDYLRXU
7KHUROHSOD\HGE\WKHEXLOGLQJIHDWXUHVLQPRGLI\LQJ
RFFXSDQWV¶ EHKDYLRXU ZDV PRUH VLJQLILFDQW LQ WKH
FROG FOLPDWHV LQ )UDQNIXUW DQG 6WRFNKROP YDU\LQJ
WKH EXLOGLQJ HQYHORSH FDQ KDYH D VLJQLILFDQW
LQIOXHQFH LQ FHQWULQJ WKH SUREDELOLVWLF UHVXOWV¶
GLVWULEXWLRQZLWKUHVSHFWWRWKHDYHUDJHYDOXH
6RPH JHQHUDO UHPDUNV DERXW KRZ YDULDWLRQV LQ WKH
EXLOGLQJ¶V HQYHORSH DIIHFW RFFXSDQW¶V LQWHUDFWLRQV
ZLWK ZLQGRZV DQG UREXVWQHVV¶ GHJUHH LQ GLIIHUHQW
WKHUPDO ]RQHV FRXOG EHPDGH DV ZHOO'HDOLQJZLWK
FRROLQJ DQG KHDWLQJ HQHUJ\ FRQVXPSWLRQ WKH UREXVW
FKDUDFWHULVWLFV KLJK WKHUPDO PDVV VPDOO ZLQGRZV
DQGIL[HGVKDGLQJVGUDVWLFDOO\UHGXFHGWKHGLIIHUHQFH
LQ UREXVWQHVV LQ 56' UHI YDOXHV FDXVHG E\ WKH
GLIIHUHQW ]RQHV¶ GHVLJQ DQG RULHQWDWLRQ 2Q WKH
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FRQWUDU\ IRU DLU FKDQJH UDWH WKH UHVXOWV¶ IOXFWXDWLRQ
IRU WKHPRUHUREXVWVFHQDULRVZDVVWLOO UHODWHG WR WKH
]RQHV¶ FKDUDFWHULVWLFV VLQFH YDULDWLRQV LQ DLU FKDQJH
UDWH UHVXOWV¶ IOXFWXDWLRQV VWDQG IRU YDULDWLRQV LQ
RFFXSDQW EHKDYLRXU GLIIHUHQFHV DPRQJ ]RQHV ZHUH
DVVXPHG WR EH D UHPDUNDEOH LQIOXHQFLQJ IDFWRU LQ
PRGLI\LQJ XVHUV¶ DFWLRQV RQ ZLQGRZV 0RUHRYHU
FRPSDULQJ WKH VDPH ]RQH LQ GLIIHUHQW FOLPDWHV
UHVXOWV KLJKOLJKWHG WKDW LQ ]RQHV ZLWK RQH H[WHUQDO
ZDOO WKH LPSDFW RI EXLOGLQJ GHVLJQ ZDV GHILQHG IRU
HYHU\FOLPDWHIROORZLQJWKHJHQHUDOWUHQGSUHYLRXVO\
GHVFULEHG EHLQJ PDVVLYH HQYHORSH FORVHG IDoDGH
DQGIL[HGVKDGLQJVWKHPRVWUREXVWEXLOGLQJIHDWXUHV
2QWKHRSSRVLWHLQ]RQHVZLWKWZRH[WHUQDOVXUIDFHV
QR VLPLODU WUHQGV FRXOG EH QRWLFHG ZKHQ VZLWFKLQJ
IURPRQHFOLPDWHWRDQRWKHUDQGLQHYHU\ORFDWLRQWKH
EXLOGLQJ GHVLJQ GLG QRW FRQVLVWHQWO\ PRGLI\ WKH
UREXVWQHVV 7KHUHIRUH LQ ]RQHV ZLWK D KLJK H[WHUQDO
VXUIDFHIORRUUDWLRWKHFOLPDWHKDGDGHHSHULPSDFWRQ
RFFXSDQWV¶EHKDYLRXUDQGJHQHUDOUREXVWQHVV¶GHJUHH
WKDQ WKH EXLOGLQJ GHVLJQ 7KH DXWKRUV XVHG WKH
VWDWLVWLFDO PRGHOV SUHVHQWHG LQ +DOGL DQG 5RELQVRQ
 WR VLPXODWH WKH RFFXSDQWV ZLQGRZ RSHQLQJ
DQG VKDGLQJ EHKDYLRXU 7KH VKDGLQJ PRGHO ZDV D
UHVXOWRID ILHOGVXUYH\FRQGXFWHGLQLQVHYHUDO
QRQDLUFRQGLWLRQHG RIILFH EXLOGLQJV ORFDWHG LQ
6ZLW]HUODQG ZLWK WKH DLP RI GHYHORSLQJ D QHZ
SUHGLFWLYHPRGHO RI RYHUKHDWLQJ ULVN7KHUHIRUH WKH
DQDO\VLV SUHVHQWHG E\ +DOGL DQG 5RELQVRQ
FRQFHUQLQJ WKH SUHGLFWLRQ RI WKH SUREDELOLW\ RI
RFFXSDQWV¶ LQWHUDFWLRQVZLWKD UDQJHRISHUVRQDODQG
HQYLURQPHQW FKDUDFWHULVWLF LV D E\SURGXFW
&RQVLVWHQW ZLWK WKH PDLQ DLP RI WKHLU ILHOG VWXG\
QRQWKHUPDOYDULDEOHVZHUHQRWVWXGLHGWKHPHDVXUHG
SK\VLFDO SDUDPHWHUV ZHUH MXVW LQGRRU DQG RXWGRRU
WHPSHUDWXUH %HVLGH PHDVXUHPHQWV ORQJLWXGLQDO
TXHVWLRQQDLUHV ZHUH JLYHQ WR YROXQWHHUV IURP HDFK
EXLOGLQJDWUHJXODULQWHUYDOVDVNLQJIRUHYDOXDWLRQVRI
FORWKLQJ DQG DFWLYLW\ OHYHO WKHUPDO VHQVDWLRQ DQG
SUHIHUHQFH DQG DGDSWLYH RSSRUWXQLWLHV H[HUFLVHG
LQFOXGLQJ DFWLRQV RQ EOLQGV ,Q RUGHU WR LQIHU D
SUREDELOLW\ GLVWULEXWLRQ IRU WKH ZKROH UDQJH RI
WHPSHUDWXUH ERWK LQWHUQDO DQG H[WHUQDO WKH ORJLVWLF
UHJUHVVLRQ LV XVHG WR VWXG\ HDFK DGDSWLYH DFWLRQ ,Q
WKHLU FRQFOXVLRQV +DOGL DQG 5RELQVRQ UDLVH GRXEWV
DERXWWKHSUHGLFWLYHSRZHURIHYHU\SURSRVHGPRGHO
VWDWLQJWKDWVLQFHORZHULQJRIEOLQGVDOORZVUHGXFLQJ
VRODU KHDW DQG JODUH UDGLDQFH VKRXOG KDYH EHHQ D
FRQVLGHUHG SDUDPHWHU DV ZHOO 0RUHRYHU RQO\
ORZHULQJ RI EOLQGV DQG QRW ULVLQJ LV FRQVLGHUHG
'HVSLWH WKH KLJKOLJKWHG GHILFLHQFLHV ZH GHFLGHG WR
XVHWKLVPRGHOIRUWKUHHPDLQUHDVRQV
,WLVRQHRIWKHPRVWUHFHQWZRUNVDQDO\VLQJVHYHUDO
PRQLWRUHG FRQWURO DFWLRQV LQFOXGLQJ WKH XVH RI
EOLQGVZLWKDVWDWLVWLFDODSSURDFK
 7KH SURSRVHG ORJLVWLF UHJUHVVLRQ PRGHO FDQ EH
LPSOHPHQWHGLQ,'$,&(
7KHILHOGVXUYH\ZDVSHUIRUPHGLQ6ZLW]HUODQGDV
ZHOO DV WKH ILHOG VXUYH\ LQYHVWLJDWLQJ ZLQGRZV
RSHQLQJ6LQFHRFFXSDQWV¶EHKDYLRXULVLQIOXHQFHGE\
VRFLDO DQG FRQWH[WXDO IDFWRUV XVLQJ EHKDYLRXUDO
PRGHOVGHULYHGIURPREVHUYDWLRQVRQXVHUV IURP WKH
VDPH DUHD FDQ EH DZDUUDQW\ RI FRKHUHQW XVH RI WKH
EXLOGLQJFRQWUROV
&21&/86,21
%XLOGLQJHQYHORSH¶VGHVLJQSOD\HGDQLPSRUWDQWUROH
LQ PRGLI\LQJ RFFXSDQW EHKDYLRXU ZKLFK LV D NH\
IDFWRULQREWDLQLQJPRUHUHDOLVWLFVLPXODWLRQV¶UHVXOWV
+DYLQJ D PDVVLYH HQYHORSH D FORVHG IDoDGH DQG
IL[HG VKDGLQJV SURYLGHG WKH ORZHVW IOXFWXDWLRQV LQ
UHVXOWV ZKHQ VZLWFKLQJ WKH XVHUV 7KHUHIRUH WKHVH
EXLOGLQJ¶VIHDWXUHVDEOHWRFHQWUHWKHVLPXODWLRQV¶VHW
UHVXOWV UHVSHFW WKH DYHUDJH YDOXHV ZHUH WKH PRVW
UREXVW RQHV 7KLV REVHUYDWLRQ ZDV PRVW HYLGHQW LQ
)UDQNIXUW DQG 6WRFNKROP SDUWLFXODUO\ LQ ]RQHV ZLWK
RQH H[WHUQDO ZDOO &RQYHUVHO\ LQ $WKHQV GHVLJQHUV
KDYH PRUH SRVVLELOLWLHV WR FKRRVH WKH HQYHORSH¶V
IHDWXUHV VLQFH WKH\ GLG QRW DIIHFW VR WKH UHVXOWV¶
YDULDWLRQ WR WKH VDPH GHJUHH 7KLV UREXVWQHVV VWXG\
VKRZHG KRZ G\QDPLF VLPXODWLRQ VRIWZDUH FDQ EH
XVHG DV WRROV GXULQJ WKH GHVLJQ SKDVH GHWDLOHG
RFFXSDQWV¶ EHKDYLRXU¶V GHVFULSWLRQZLOO DOORZ EHWWHU
GHILQLQJ WKH EXLOGLQJ¶V IHDWXUHV¶ UREXVWQHVV¶ GHJUHH
ZKHQGLIIHUHQWGHVLJQRSWLRQVDUHFRPSDUHGLQRUGHU
WRREWDLQWKHSURSHUVROXWLRQ
$.12/('*0(17
7KLVVWXG\ZDVFDUULHGRQXQGHUWKHIUDPHZRUNRIWKH
,($±(&%&6$QQH[SURMHFW
5()(5(1&(6
)DEL 9 $QGHUVHQ 59 &RUJQDWL 63 2OHVHQ
%:)LOLSSL0'HVFULSWLRQRIRFFXSDQW
EHKDYLRULQEXLOGLQJHQHUJ\VLPXODWLRQVWDWHRI
DUW DQG FRQFHSWV IRU WKHLU LPSURYHPHQW
3URFHHGLQJVRI&RQIHUHQFH%XLOGLQJ6LPXODWLRQ
6\GQH\$XVWUDOLD
+DOGL ) 5RELQVRQ '  ,QWHUDFWLRQV ZLWK
ZLQGRZRSHQLQJVE\RIILFH RFFXSDQWV%XLOGLQJ
DQG(QYLURQPHQW
+DOGL)5RELQVRQ'2QWKHEHKDYLRXUDQG
DGDSWDWLRQ RI RIILFH RFFXSDQWV %XLOGLQJ DQG
(QYLURQPHQW
+HUNHO6.QDSS83IDIIHURWW -7RZDUGD
PRGHO RI XVHU EHKDYLRU UHJDUGLQJ WKH PDQXDO
FRQWURORIZLQGRZVLQRIILFHEXLOGLQJV%XLOGLQJ
DQG(QYLURQPHQW
+RHV 3 +HQVHQ -/0 /RRPDQV 0*/& GH
9ULHV%%RXUJHRLV'8VHUEHKDYLRULQ
ZKROHEXLOGLQJVLPXODWLRQ(QHUJ\DQG%XLOGLQJV

,'$,&(0DQXDOYHUVLRQ(48$6LPXODWLRQ
$%6HSWHPEHU
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0DUJLRWWD)3XJOLVL*&DUDWWHUL]]D]LRQHGHOSDUFR
HGLOL]LR QD]LRQDOH 'HWHUPLQD]LRQH GHOO¶HGLILFLR
WLSRSHUXVRXIILFLR5HSRUW56(
0F&DUWQH\.-1LFRO-) ,QYHVWLJDWLQJ WKH
YDULDWLRQ RI FRPIRUW WHPSHUDWXUH DPRQJ
(XURSHDQ RIILFH ZRUNHUV 3URFHHGLQJV RI WKH
FRQIHUHQFH 0RYLQJ FRPIRUW VWDQGDUG LQWR WKH
VW&HQWXU\:LQGVRU8.
1LFRO -) +XPSKUH\V 0$  $GDSWLYH
WKHUPDO FRPIRUW DQG VXVWDLQDEOH WKHUPDO
VWDQGDUGV IRU EXLOGLQJV (QHUJ\ DQG %XLOGLQJV

1LFRO -) 5DMD ,$ $OODXGLQ $ -DP\ *1
 &OLPDWLF YDULDWLRQV LQ FRPIRUW
WHPSHUDWXUHV WKH 3DNLVWDQ SURMHFWV (QHUJ\ DQG
%XLOGLQJ
5DMD,$1LFRO-)0F&DUWQH\.-+XPSKUH\V
0$7KHUPDOFRPIRUWXVHRIFRQWUROVLQ
QDWXUDOO\ YHQWLODWHG EXLOGLQJV (QHUJ\ DQG
%XLOGLQJV
6FKZHLNHU 0 6KXNX\D 0  &RPSDUDWLYH
HIIHFWV RI EXLOGLQJ HQYHORSH LPSURYHPHQWV DQG
RFFXSDQW EHKDYLRXUDO FKDQJHV RQ WKH H[HUJ\
FRQVXPSWLRQ IRU KHDWLQJ DQG FRROLQJ (QHUJ\
3ROLF\
6FKZHLNHU 0 6KXNX\D 0  &RPSDULVRQ RI
WKHRUHWLFDO DQG VWDWLVWLFDO PRGHOV RI DLU
FRQGLWLRQLQJXVDJH EHKDYLRU LQ D UHVLGHQWLDO
VHWWLQJ XQGHU -DSDQHVH FOLPDWLF FRQGLWLRQV
%XLOGLQJDQG(QYLURQPHQW
:DJQHU $ *RVVDXHU ( 0RRVPDQQ & *URSS
7K /HRQKDUW 5  7KHUPDO FRPIRUW DW
ZRUNSODFH RFFXSDQW VDWLVIDFWLRQ ± 5HVXOWV RI
ILHOG VWXGLHV LQ *HUPDQ ORZ HQHUJ\ RIILFH
EXLOGLQJV(QHUJ\DQG%XLOGLQJV
:LOVRQ 6 +HGJH $  7KH 2IILFH
(QYLURQPHQW 6XUYH\ $ VWXG\ RI %XLOGLQJ
6LFNQHVV%XLOGLQJ8VH6WXGLHV/RQGRQ8.
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